Blood loss during Caesarean section has been measured in 121 patients using a haemoglobin dilution method. The results have been analyzed in an attempt to determine the importance on blood loss of age, parity, previous Caesarean section, placental site, size of baby, length of operation, and surgical experience. The only statistically significant factors increasing blood loss were (a) multipara undergoing their first Caesarean section (particularly emergency section) and (b) a low anterior placenta. Heavy blood loss, especially in patients with a low haemoglobin, was associated with an increased incidence of postoperative pyrexia.
The accurate measurement of operative blood loss is critical to the proper assessment and treatment of patients. The difficulties of measuring the amount of shed blood at Caesarean section, particularly on account of the presence of amniotic fluid, are well known, but have largely been overcome by the introduction of semi-automatic machines using the colorimetric principle (Roe, Gardiner and Dudley, 1962; Rustad, 1963) . Caesarean section is often accompanied by considerable haemorrhage and, as many factors are involved, we have analyzed the results in a series of cases in whom the blood loss has been carefully measured, in an attempt to assess the relative importance of some of these factors.
MATERIALS AND METHODS
During a six month period 121 Caesarean sections (115 lower segment and 6 classical) performed at the Simpson Memorial Maternity Pavilion were studied. They were quite unselected and comprised all sections performed during that time. General anaesthesia was used in all cases and consisted of thiopentone induction followed by suxamethonium, endotracheal intubation and nitrous oxide/oxygen, muscle paralysis being maintained throughout either by intermittent suxamethonium or tubocurarine. All patients received ergometrine 0.5 mg intravenously after delivery.
Blood loss was measured by means of a RustadOhlin Perdometer. This was calibrated three times during the study using stored blood of known haemoglobin concentration. In addition, it was once calibrated with fresh clotted blood, to confirm that haemoglobin extraction was efficient from swabs containing such material.
The patients' haemoglobin levels were determined in one haematological laboratory. If no estimation had been carried out in the week before operation, or if haemorrhage had occurred pre-operatively, a sample of blood for this purpose was taken at induction of anaesthesia.
All blood-stained swabs and linen were put into the machine together with blood from the sucker bottle. Sodium citrate was added to the sucker bottle before operation to prevent the formation of large clots which are difficult to disintegrate. Any clots present were broken down by hand washing. Any pools of blood on or around the table after the patient was moved into bed were carefully mopped up. At least 15 minutes agitation, after the last blood was added, was allowed for complete haemoglobin extraction. All estimations were carried out by the same person.
Postoperatively a note was made of all patients who ran a temperature in excess of 37°C for two consecutive days excluding the day of operation.
The significance of the results obtained was assessed by means of the Student t test. 
RESULTS
The average blood loss in all cases was 794 ml, 780 ml in lower segment and 1057 ml in classical Caesarean sections (table I) . The results obtained from the 115 cases of lower segment operations have been further analyzed with regard to age, parity, previous Caesarean section, uterine activity, placental localization (in 94 cases), weight of baby, duration of operation (in 55 cases) and the surgeon's experience. Finally an attempt was made to correlate postoperative pyrexia with blood loss.
Age of patient. Table II shows that blood loss over 1000 ml occurred most frequently in the eldest group (45 per cent) and was uncommon (16 per cent) in patients muter 25 years of age. Parity. There is no statistically significant difference in the average blood loss between primiparous and multiparous patients, neither in the elective nor in the emergency groups (table  III and fig. 1 ).
Previous Caesarean section. Multiparous patients undergoing their first Caesarean section lost on average significantly more blood than multiparous patients having a repeat operation (P<0.05). This difference could be due to the heavy blood loss occurring in multipara who were having their first section done as an emergency (table IV and fig. 2 ). Blood loss in the emergency Blood loss during elective and emergency lower segment Caesarean section in primipara and multipara. Blood loss in multipara undergoing lower segment Caesarean section.
-group of multipara having their first Caesarean section was more than double that occurring in repeat sections done under similar circumstances (P<0.05). If primipara and multipara are considered together, there is no statistically significant difference in blood loss between first and repeat operations. Placental site. A low anterior placenta was associated with increased blood loss when compared with all other placental sites, excluding placenta praevia. (In no case was the placenta actually incised in performing the hysterotomy.) The difference was only statistically significant (P<0.05) in primipara undergoing elective Caesarean section (table V) .
Size of babies. Table VI shows that, with the exception of the smallest babies, blood loss increased with the size of babies.
Length of operation. This was accurately noted in 55 cases (table VII). It will be seen in those operations lasting less than 30 minutes that there was no patient in whom the loss exceeded 1000 ml of blood and of those lasting more than 50 minutes, none lost less than 500 ml.
Surgical skill. Eight surgeons performed nearly all these operations (varying from nine to eighteen operations each) and the average blood loss for each surgeon varied from 623 to 903 ml. These differences were not statistically significant.
Postoperative elevation of temperature. This was chosen as being an accurate and objective sign of postoperative complication recorded in the routine 110 case records which were available for analysis. We have related the elevation of temperature to minor, average and heavy operative Distribution of patients developing postoperative pyrexia in relation to operative blood loss at Caesarean section.
blood loss, and patients have been further divided into those with more and those with less than 12.5 g/100 ml of haemoglobin (table Vm and fig. 3 ). There seems little doubt that there is a direct relationship between blood loss and the occurrence of elevation of temperature. It is also of interest that of the four patients who did not become pyrexial, in spite of losing more than 1000 ml and having a haemoglobin less than 12.5 g/100 ml, three received blood transfusion during or following section. Only four other cases received blood.
DISCUSSION
Of all the methods available for measuring external blood loss in obstetrics, the colorimetric is the best because it is uninfluenced by amniotic fluid, or other fluid, which are the sources of error with most other methods (Toldy, 1965) . Several authors have shown that the extraction of haemoglobin from swabs and linen by washing is virtually complete and the method should have an error of less than 5 per cent (Odell and Seski, 1947; Wilcox, Hunt and Owen, 1959; Newton et al., 1961; Moore et al o 1966; Brant, 1966 Brant, , 1967 . Our experience with the Perdometer has been satisfactory and, provided certain precautions are taken, we have found with known amounts of blood, that the error is probably not more than 1-2 per cent. We consider the following points to be particularly important.
(a) Each machine should be individually calibrated as we found that one of the scales on our machine was consistently under-estimating by 20 per cent and this had to be allowed for in calculating the result.
(b) All blood clots must be completely broken down, by hand if necessary. Very considerable errors can occur if this is not done.
(c) At least 15 minutes of washing is necessary. We have not found satisfactory extraction of haemoglobin from swabs and drapes if only 5 minutes is allowed.
(d) The patients' haemoglobin must be accurately measured within a few days of operation. The well-known variability of the haemoglobin in the last weeks of pregnancy (Hytten and Leitch, 1964 ) may be another source of error.
The average blood loss in the current series (794 ml) is compared in table IX with that reported by other authors. As this series is relatively large, we have attempted to assess some of the factors mentioned in the literature as being important in blood loss during Caesarean section. It must be stressed, however, that even with large numbers, there can be serious fallacies in trying to isolate a single factor from data affected by many factors. Wallace (1967) found a direct linear relation- ship between the age of the patient and the blood loss. In our cases the relationship was not strictly linear, but blood loss did appear to increase with age.
With regard to parity, we could not find any statistically significant difference between primipara and multipara. In the ''emergency" group there was considerable difference in average blood loss, but the individual variations were large as shown by the high standard deviations.
The most surprising finding was the heavy blood loss in multipara having their first section in comparison with repeat operation. This has not been previously reported in the literature. Opinions regarding the effect of previous Caesarean section are conflicting, Wilcox, Hunt and Owen (1959) finding an increased blood loss with repeat section, Wallace (1967) finding no difference, and Brant (1966) finding a smaller average blood loss in repeat section. These differences may be due to the different number of multipara with first and repeat operations in the various series.
McConnel (1964) expressed the view that there is a heavier loss with an anterior placenta. Our figures confirm this in the group of primipara with elective section. It must be stressed that none of the placentae labelled "anterior" was actually incised, and operative trauma was not involved.
The heaviest babies, as expected, were associated with greater blood loss. However, due to the interaction of factors, we found that even when the infants weighed less than 6 lb. considerable blood loss could still occur.
In assessing the importance of duration of operation (our results showed considerably less bleeding with the shortest operations) it is very difficult to differentiate between cause and effect. Patients who are losing blood require that time be expended to bring this under control and it would be quite wrong not to spend such time ensuring adequate haemostasis. Too much haste can sometimes lead to prolongation of the operation.
There were differences (though not statistically significant) between surgeons and no doubt the greater the skill of the surgeon the less is blood loss likely to be but many of the other factors mentioned are even more important.
Finally, it is possible to draw some conclusions regarding blood loss and the postoperative course of the patients. Although we only took account of pyrexia, infection is probably the commonest source of postoperative morbidity, and temperature recording is one of the few objective signs available from routine case records. It is reasonable to assume that loss of blood at operation, especially if it is not replaced by transfusion, is liable to render the patient more susceptible to infection. Pastore (1936) found a direct relationship between puerperal infection and amount of blood loss during delivery. Conn, Vant and Cantor (1941) reported a significant increase in the incidence of pyrexia in patients having postpartum haemorrhage. We believe our own observations confirm this view.
Only a small proportion (6 per cent) of the patients in the present series received blood transfusion and it is not possible to assess its effect adequately. It is noteworthy, however, that of the patients having a haemoglobin level less than 12.5 g/100 ml and a blood loss in excess of 1000 ml, only four escaped pyrexia and transfusion had been required in three of these. Of the other thirteen patients in the same group who developed pyrexia, only two were transfused. It may also be significant that Wallace (1967) transfused 13 of 25 cases and was unable to show a correlation between blood loss and postoperative morbidity. Notwithstanding the potential hazards of blood transfusions (serum hepatitis, immunological relations, etc.), we believe that in all patients losing more than 750-1000 ml of blood at Caesarean section blood should be transfused. The use of a blood loss monitor is of the greatest help in deciding which cases should receive blood and how much should be given. 
